Abstract-Pain and pain-related interference with physical function have not been thoroughly studied in individuals who have undergone knee-disarticulation amputations. The principal aim of this study was to determine whether individuals with knee-disarticulation amputations have worse pain and painrelated interference with physical function than do individuals with transtibial or transfemoral amputations. We analyzed crosssectional survey data provided by 42 adults with lower-limb amputations. These individuals consisted of 14 adults reporting knee-disarticulation amputation in one limb and best-matched cases (14 reporting transfemoral amputation and 14 reporting transtibial amputation) from a larger cross-sectional sample of 472 individuals. Participants were rigorously matched based on time since amputation, reason for amputation, age, sex, diabetes diagnosis, and pain before amputation. Continuous outcome variables were analyzed by one-way analysis of variance. Categorical outcomes were analyzed by Pearson chi-square statistic. Given the relatively small sample size and power concerns, mean differences were also described by estimated effect size (Cohen's d). Of the 42 participants, 83% were male. They ranged in age from 36 to 85 (median = 55.1, standard deviation = 11.0). Most amputations were of traumatic origin (74%), and participants were on average 12.4 years from their amputations at the time of the survey. Individuals with transtibial amputation reported significantly more prosthesis use than did individuals with knee-disarticulation amputation. Amputation levels did not significantly differ in phantom limb pain, residual limb pain, back pain, and pain-related interference with physical function. Estimates of effect size, however, indicated that participants with knee-disarticulation amputation reported less phantom limb pain, phantom limb pain-related interference with physical function, residual limb pain, residual limb pain-related interference with physical function, and back pain-related interference with physical function than did participants with transtibial or transfemoral amputations. This study demonstrated that patients with knee-disarticulation amputation used prostheses significantly less than did patients with transtibial amputation. However, no evidence was found that patients with knee-disarticulation amputation have worse outcomes in terms of pain and painrelated interference with physical function; in fact, they may have more favorable long-term outcomes.
INTRODUCTION
More than an estimated 100,000 lower-limb amputations are performed each year in the United States [1] , with many patients facing secondary disabling pain conditions such as phantom limb pain, residual limb pain, or back pain [2] [3] [4] . Most of these amputations are either transtibial or transfemoral, with knee-disarticulation amputations being relatively uncommon and representing less than 2 percent of all amputations [5] . The first kneedisarticulation amputation was documented in the United States in 1825 [1, [6] [7] and, before the advent of modern anesthesia, was a favored surgical procedure because of its simplicity and speed, decreased risk of infection, and decreased rate of bleeding because the procedure did not violate any muscle bellies or the medullary cavity of any bones [1, 6, [8] [9] [10] . However, by 1940, knee-disarticulation amputations had fallen out of favor because of concerns regarding a bulky distal limb, which many people with amputation did not find aesthetically pleasing; poor prosthetic fit; and improved surgical techniques for transtibial and transfemoral amputations [5, 9, 11] .
In 1940, Rogers reopened the discussion regarding the role of knee-disarticulation amputation by extolling its virtues in terms of end weight bearing and the uninterrupted femoral epiphysis [9] . Since that time, the procedure has been controversial, with both enthusiastic supporters and ardent skeptics. However, in the last three decades, significant advances in both surgical technique and prosthetic technologies have occurred that make knee-disarticulation amputations potentially more viable and better tolerated than in the past [1, [12] [13] [14] [15] [16] [17] [18] [19] [20] . One major advancement was achieved by Wagner, who in 1979 described his technique for dispersing normal and shear forces by constructing a distal soft tissue flap using the gastrocnemius and sagittal flaps [2] . This advancement offers the theoretical advantage of enabling more comfortable end weight bearing within the prosthetic socket, thus decreasing residual limb pain during ambulation. Additionally, numerous strategies have been developed to decrease distal bulk, including trimming of the medial and lateral condyles and excision of the patella [5, [21] [22] . One commonly described disadvantage of the kneedisarticulation amputation is that the prosthetic knee center must be placed distal to the intact femur, thus making the prosthetic limb thigh segment longer than the intact limb thigh segment. This issue was addressed in 1976 by Lyquist, a prosthetist at the Orthopedic Hospital of Copenhagen, Denmark, who developed a four-bar linkage polycentric knee that compensates for the disparity in limb segment lengths [18, [23] [24] and had the advantage of creating an intrinsically more stable knee during the stance phase of gait because of the posteriorly positioned center of rotation.
Utilizing the four-bar linkage knee, patients with knee-disarticulation amputations have better physiological costs of walking than do patients with transfemoral amputation [25] [26] [27] . This improvement was most clearly demonstrated in 1992 by Pinzur et al., who demonstrated that persons with knee-disarticulation amputation have improved self-selected and maximal walking speeds than do persons with transfemoral amputation and that the relative energy cost of ambulation is closer to that of persons with transtibial rather than transfemoral amputation [28] .
Despite recent improvements in surgical technique and advances in prosthetic technology, knee-disarticulation amputations are currently infrequently utilized and are performed predominantly on elderly patients, pediatric patients, spinal cord injury patients, and nonambulatory patients. Knee-disarticulation amputation is traditionally used in these patient populations with the goal of improving seating and transfer possibilities, as well as eliminating the risk of knee contracture [5, 22, 29] . Recently, kneedisarticulation amputations have fallen out of favor in the trauma setting partly because of the results of a multicenter study by the Lower Extremity Assessment Project (LEAP) [30] . This prospective observational study found worse outcomes in trauma patients with knee disarticulation amputation than in patients with transtibial or transfemoral amputations. Specifically, they found that the patients with knee-disarticulation amputation did worse on their primary outcome measure, the Sickness Impact Profile (SIP), a 136-item behaviorally based health status questionnaire, although this finding was not statistically significant. Secondary outcome measures demonstrated that the knee-disarticulation amputation group had significantly slower self-selected walking speeds and significantly more difficulty walking on uneven ground and outdoors in bad weather. This study also found a nonsignificant report of less pain in the knee-disarticulation amputation group versus the other amputation levels. To our knowledge, no subsequent study to date has further evaluated whether patients with knee-disarticulation amputations indeed have less pain than those with transfemoral or transtibial amputations.
Pain is well known to be a significant cause of morbidity and secondary disability due to impaired function and a significant determinant of patient satisfaction in both the general population and in individuals with amputation [3] [4] 31] . Therefore, in the assessment of outcomes of various levels of amputations, assessing both pain and pain-related interference with physical function is particularly important because of the high levels of reported phantom limb pain, residual limb pain, and back pain in the amputation population. Phantom limb pain, defined as painful sensations perceived in the missing portion of the amputated limb, has been estimated to occur chronically in up to 85 percent of amputation patients [32] [33] [34] . Residual limb pain is universal in the postoperative period and has an estimated chronic prevalence of between 20 and 56 percent [34] [35] [36] . Finally, back pain is thought to have an increased incidence in individuals with amputation because of altered gait patterns related to prosthesis use, with a prevalence of more than 50 percent reported in a sample of persons with lower-limb amputation [37] [38] .
To our knowledge, pain and its interference with physical function have rarely been studied in individuals with amputation [39] and never been compared among knee-disarticulation, transtibial, and transfemoral amputation levels. Our current study systematically compared persons with knee-disarticulation amputation with persons with transtibial and transfemoral amputations in terms of pain, pain-related interference with physical function, and prosthesis use. Knee-disarticulation surgery is performed relatively frequently at our institution and clinically we have observed favorable results that contrast with the results noted in the LEAP trial. In light of these anecdotal results, we specifically hypothesized that in our sample, which included trauma patients, the kneedisarticulation amputation patients would do no worse, and perhaps would do better, than transfemoral and transtibial amputation patients in terms of pain and painrelated interference with physical function.
METHODS

Participants
Study participants were drawn from a survey study on the nature and scope of pain in persons with limb loss [39] . Participants were recruited from several sources, including a pool of individuals who had undergone a lower-limb amputation at two Seattle-area, hospitalsHarborview Medical Center, a level I trauma center, and the Department of Veterans Affairs Puget Sound Health Care System-and one Spokane-area hospital-St. Luke's Hospital. Other recruitment sources included flyers posted in local prosthetic and orthotic clinics and an advertisement in the inMotion magazine, a publication by the Amputee Coalition of America. Inclusion criteria were (1) lower-limb amputation at least 6 months before the study, (2) age between 18 and 70 years, and (3) ability to read and write English. The University of Washington Human Subjects Committee approved the study protocol.
Procedure
From the total pool of potential participants in the hospital databases, patient names were selected via a random number generator. Approximately 70 surveys were mailed each month for 13 months. Potential subjects also called or emailed the study personnel in response to the flyers or the magazine advertisement. Each potential subject received by mail a packet containing a cover letter, the pain survey, and a stamped envelope for returning the completed survey. The cover letter instructed respondents to complete the survey even if they did not have pain. To facilitate recruitment, follow-up calls and postcard mailings were made to those who had not returned the survey. A research assistant contacted participants by telephone to obtain or clarify any answers that were incomplete or incomprehensible on the completed survey. Questionnaires were mailed to a total of 1,307 individuals. Of these, 220 were returned as undeliverable, 102 were returned as addressee deceased, and 143 were returned as inappropriate (e.g., <6 months postamputation, <18 years of age). Twenty-three potential participants declined to participate. A total of 478 usable surveys were returned, yielding a response rate of 57 percent.
Matching Procedure
Fourteen participants reported a single kneedisarticulation amputation and no other amputations. For the current analysis, each of these 14 individuals was matched on a case-by-case basis with 14 individuals reporting a single transfemoral amputation and no other amputations and 14 reporting a single transtibial amputation and no other amputations. Participants were matched based on time since amputation, reason for amputation, age, sex, report of pain before amputation, and diabetes diagnosis (yes/no). This matching procedure was intended to minimize differences due to clinical factors that might also affect outcomes (e.g., vascular vs traumatic etiology of amputation, history of pain problems, greater time lapsed since amputation). Thirteen patients, or 31 percent of our sample size, reported having diabetes, and this did not differ based on the amputation site. The matching procedure was successful in that no differences were found between groups (p > 0.80) for each matching variable.
Measures
Demographics
Participants provided information regarding age, race/ ethnicity, educational level, and employment status. They also completed questions regarding their amputation, including the medical reason for amputation, presence/ absence of ulcers at the amputation site, number of prostheses used, hours of daily prosthesis use, pain during prosthesis use, and whether or not they had undergone revision surgery since the original amputation.
Pain Intensity/Interference
Intensity of current phantom limb pain, defined as painful phantom sensations; back pain; and residual limb pain were assessed with a standard numeric rating scale ranging from 0 (no pain) to 10 (pain as bad as could be). Pain interference with daily activity over the past 3 months was also assessed with a numeric rating scale ranging from 0 (no interference) to 10 (unable to carry on any activities). Survey questions are included in Tables 1 and 2 .
Statistical Approach
Continuous outcome measures were analyzed by a one-way analysis of variance (ANOVA) procedure with amputation site (transfemoral amputation, kneedisarticulation amputation, transtibial amputation) serving as the between-subjects variable. Given the relatively small sample size, we also relied on Cohen's d, a measure of effect size, to describe group differences. Cohen's d is defined as the difference between two means divided by the pooled standard deviation (SD) for those means and is a useful way to conceptualize the magnitude of difference between groups when traditional parametric testing is not appropriate (e.g., because of small sample size). Although interpretations of Cohen's d vary, most researchers consider 0.20 to 0.40 a small effect, 0.40 to 0.80 a medium effect, and >0.80 a large effect [40] . Analyses were conducted with the use of SPSS software (version 14.0, SPSS Inc; Chicago, Illinois).
RESULTS
Demographics
The majority of the 42 participants were male (83%) and ranged in age from 36 to 85 years old (median age = 55.1, SD = 11.0). Nearly all participants (97%) reported completing at least a high school education, and the majority (62%) had some college experience or were college graduates. Full-or part-time employment was reported by 36 percent of participants and unemployment due to pain or disability by 45 percent. Self-report of ulcers at the amputation site did not differ among the groups, with three members of each group reporting the presence of ulcers ( 2 = 0.09, not significant) Participants were mostly Caucasian (95%); two participants were African American (5%). Participants reported between one and three primary causes of the limb loss, including trauma (74%), vascular disease (24%), gangrene (17%), and infection (12%). At the time of the survey, participants were on average 12.4 years from their amputation surgeries (SD = 14.9, range = 7 months to 56.3 years).
Prosthesis Use
Of the 42 participants enrolled in the study, 37 owned and wore prostheses. Of the 5 subjects who did not wear prostheses, 2 were in the transfemoral amputation group and 3 were in the knee-disarticulation amputation group. All 14 subjects in the transtibial amputation group wore prostheses. ANOVA testing demonstrated that the transtibial amputation group wore their prostheses significantly more than the knee-disarticulation amputation group (p < 0.05). No statistically significant difference was found between the knee-disarticulation and transfemoral amputation groups in terms of hours per day of prosthesis use (Tables 1 and 2) .
Estimating effect size using Cohen's d, we found that the transtibial amputation group wore their prostheses more hours per day than the knee-disarticulation amputation group (d = -1.00, large effect size; Table 1 ) and that the transfemoral group wore their prostheses more than the knee-disarticulation group (d = -0.21, small effect size; Table 1 ).
Phantom Limb Pain
Phantom limb pain is defined as painful sensations that feel as though they are coming from the portion of the limb that was amputated and that differ from nonpainful phantom limb sensations. Of the 42 total participants enrolled in the study, 6 in the transfemoral amputation group, 6 in the knee-disarticulation amputation group, and 4 in the transtibial amputation group denied phantom limb pain and therefore did not answer further study questions regarding phantom limb pain and phantom limb pain-related interference. We therefore performed ANOVA both imputing these participants as having answered 0/10 and excluding them from further analysis. Neither method demonstrated statistically significant differences between the three groups in terms of current phantom limb pain and degree to which phantom limb pain interfered with daily activities in the past 3 months as measured on the 0-10 numeric rating scale (Tables 1 and 2) .
Estimating effect size using Cohen's d, we found that the knee-disarticulation amputation group reported less current phantom limb pain on the 0-10 numeric rating scale than the transfemoral amputation group (d = -0.37, small effect size) and the transtibial amputation group (d = -0.57, medium effect size; Table 1 ). In terms of degree of phantom limb pain interference with daily activities in the past 3 months, no difference was found between the knee-disarticulation amputation and transfemoral amputation groups (d = 0); however, both the knee-disarticulation and transfemoral amputation groups reported less interference with daily activities in the past 3 months than the transtibial amputation group (d = -0.34, small effect size; Table 1 ).
Residual Limb Pain
Of the 42 patients enrolled in the study, 34 reported residual limb pain. There were 2 patients in the transfemoral amputation group, 2 in the transtibial amputation group, and 4 in the knee disarticulation amputation group who reported no residual limb pain. We therefore performed ANOVA both imputing these participants as having answered 0/10 for residual limb pain interference and excluding them from further analysis. Neither method demonstrated statistically significant differences between the three groups in terms of residual limb pain and degree of residual limb pain interference with daily activity in the past 3 months on the 0-10 numeric rating scale (Tables 1 and 2 ). Estimating effect size using Cohen's d, we found that the knee-disarticulation amputation group had less current residual limb pain on the 0-10 numeric scale than the transtibial amputation group (d = -0.56, medium effect size; Table 1 ) and that no effect size existed between the knee-disarticulation and transfemoral groups. In terms of degree of interference with daily activities because of residual limb pain in the past 3 months, the kneedisarticulation amputation group reported less interference than the transfemoral amputation group (d = -0.21, small effect size) and the transtibial amputation group (d = -0.77, medium effect size; Table 1 ).
Back Pain
Of the 42 patients enrolled in the study, 24 patients reported troublesome back pain since their amputation: 8 in the transfemoral amputation group, 6 in the transtibial amputation group, and 10 in the knee-disarticulation amputation group. Of these, 1 in the transfemoral amputation group, 1 in the transtibial amputation group, and 3 in the knee-disarticulation amputation group reported back pain before their amputations. We therefore performed ANOVA both including these participants and excluding their data from further analysis. Neither method demonstrated statistically significant differences between the three groups in terms of back pain or degree of back pain-related interference with activity in the past 3 months on the 0-10 numeric rating scale (Tables 1 and 2) .
Estimating effect size using Cohen's d, we found no difference between the three study groups in terms of current back pain as measured on the 0-10 numeric rating scale ( Table 1) . In terms of amount of interference with daily activities over the past 3 months because of back pain, the knee-disarticulation amputation group reported less interference than the transfemoral amputation group (d = -0.44, medium effect size) and the transtibial amputation group (d = -0.42, medium effect size; Table 1 ).
DISCUSSION AND CONCLUSIONS
The findings from the current study demonstrate that individuals who underwent knee-disarticulation amputation have pain and pain-related interference outcomes similar to those of rigorously matched populations of individuals with either transtibial or transfemoral amputations. More specifically, results indicated that our sample of primarily trauma patients with knee-disarticulation amputations did no worse, and perhaps did better, than persons with other levels of amputation in terms of phantom limb pain and residual limb pain, as well as interference related to phantom limb or residual limb pain. A long-held, but to our knowledge rarely addressed, concern of knee-disarticulation amputations is that the disparate thigh segment length may result in biomechanical changes to gait patterns that can lead to increased back pain. However, after accounting for a prior history of back pain, we found no significant difference in back pain or back pain-related interference among the groups.
In fact, when we look at effect size, individuals with knee-disarticulation amputations may experience less back pain-related interference than do individuals with other levels of amputation. Finally, the knee disarticulation-amputation group wore their prostheses significantly less than did the transtibial group. This difference in prosthesis use may be due to increased function of persons with transtibial amputation or may possibly be related to the bulbous residual limb of persons with kneedisarticulation amputation hindering not only prosthetic fit but also subsequent use.
Most recently, knee-disarticulation amputations have fallen out of favor in the trauma population in part because of the results from the LEAP study [30] that demonstrated worse outcomes with knee-disarticulation amputations than with transtibial and transfemoral amputations in a trauma population. The LEAP study reported that the knee-disarticulation amputation group had significantly slower self-selected walking speeds and more difficulty walking on uneven ground or outdoors in bad weather. Finally, the LEAP study noted that the individuals with knee-disarticulation amputation did worse on their primary outcome measure, the SIP, a 136-item behaviorally based health status questionnaire; however, this finding was not statistically significant.
Several potential explanations exist for the differences in outcomes between this current study and the LEAP trial [30] . The primary outcome in the LEAP trial was the SIP rather than pain and pain interference, as in our study. Also, the population included in our study was on average 12 years postamputation, whereas the LEAP trial reported outcomes up to only 24 months postamputation. This suggests the possibility of differences in outcomes in the early recovery phase as compared with longer term outcomes. Another potential explanation for the difference in findings is that in the LEAP study, 17 of the 18 patients in the knee-disarticulation amputation group had their amputation at the zone of injury level, which may have affected short-term healing and function. Because the current study was a self-reported outcomes study using a survey design, we do not have information regarding the quality of the soft tissue around the amputation site or any details regarding the clinical decision-making regarding level of amputation. However, all surgeries were performed at medical centers where the standard clinical practice is to consider knee disarticulation only when there is healthy tissue to provide distal soft tissue coverage. Our sample possibly included more persons with better-quality soft tissue envelopes and fewer zone-of-injury amputation sites. Further prospective clinical studies will be needed to determine whether, indeed, these and other clinical factors play a role in the outcomes following knee disarticulation.
Although our study and the LEAP study had a comparable number of participants with knee-disarticulation amputations (16 in the final analysis of the LEAP trial vs 14 in this study), the LEAP trial compared these patients with a much larger sample of subjects with transtibial amputation (81) and transfemoral amputation (27) rather than using a matched case design, as was done in our study. The LEAP trial utilized a logistic regression approach that controlled for known influential factors such as employment status, age, sex, ethnicity, health insurance, smoking, and history of prior injury. From a statistical perspective, this approach means that the groups were numerically unbalanced, which can influence significance testing. One strength of our study is our matched design, which naturally controlled for confounds and also allowed for equal sample sizes. Finally, although the LEAP trial reported significant overall (omnibus) differences based on parametric testing, it did not include follow-up testing to compare amputation groups or adjust the alpha (significance level) for multiple comparisons.
In conclusion, our study of a sample of primarily male, Caucasian, and middle-age-to-elderly adults with amputations found no significant differences between knee-disarticulation amputations and either transfemoral or transtibial amputations in terms of phantom limb pain, residual limb pain, back pain, or pain-related interference outcomes. Additionally, estimates of effect size suggest that persons with knee-disarticulation amputation may have less phantom limb pain, phantom limb pain-related interference, residual limb pain, residual limb painrelated interference, and back pain-related interference than do similar populations of person with transfemoral and transtibial amputations. These results call into question the limited use of knee-disarticulation amputations, and in light of the conflicting data available regarding outcomes between different levels of amputations, further research is warranted.
LIMITATIONS AND FUTURE DIRECTIONS
While the current study found that persons with knee-disarticulation amputation do not have significantly worse pain or pain-related interference outcomes than do persons with transtibial or transfemoral amputation, some limitations affect this study. This was a small study that was forced to rely on effect size measures, since finding significant outcomes was unlikely with our small sample size. Our study sample had heterogeneous etiologies for their amputations, which may have affected our results. This heterogeneity, however, was addressed with our rigorous matching procedure. Another limitation of our study is that our sample predominantly consisted of Caucasian males. Data from our hospital system suggests that, as in the current study, a majority of through-knee amputations are performed on men. However, this sample may have overrepresented Caucasians, because some existing literature suggests that approximately 25 percent of amputations for vascular disease are performed on African Americans [41] . Because our study was a matched design, this limitation is unlikely to have changed our findings, although further studies to confirm these findings in other populations are warranted.
This study raises questions about the current role of knee-disarticulation amputations, particularly as compared with other levels of amputation, such as transfemoral and transtibial. Because the results of this study demonstrated more favorable outcomes following through-knee amputation than did the LEAP trial (which demonstrated worse functional outcomes in their through-knee amputation group), further studies are needed to further understand these conflicting results. For example, a prospective study with clinical data on the surgical technique and indications for amputation and in which participants are followed for several years postoperatively in terms of both objective and self-reported outcomes would be ideal (because a randomized trial is obviously not possible). In addition, in light of the results of the current study, further research utilizing a larger sample size and validated outcome measures is necessary. In amputation research in general, outcome measures are needed to assess functional outcomes, pain, and prosthetic fit in both the short-and long-term and to compare different levels of amputations.
